FIBER OPTIC INSTALLATION STRUCTURES IN A PAVED SURFACE, DUCTS, 

AND METHODS THEREFOR 

RELATED APPLICATIONS 

The present application is a Continuation-In-Part of U.S. 
Ser. No. 10/051,597 filed on January 18, 2002, which is a 
continuation of U.S. Application No. 09/068,286 now U.S. Pat. No. 
5 6,371,691, both of which are incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to fiber optic installation 
structures in a paved surface, and methods therefor along with 
ducts suitable for installation in paved surfaces. 

10 BACKGROUND OF THE INVENTION 

Optical waveguides are used in communication systems for 
transmitting signals, such as voice, video, and/or data 
information. As the demand for bandwidth increases optical 
waveguides will be routed deeper into the communication system 

15 network. Consequently, economical means and methods are required 
for routing optical waveguides, while still providing adequate 
protection to the fragile optical waveguides. Additionally, 
installations should be easy to repair and upgrade. 

20 SUMMARY OF THE INVENTION 

A fiber optic installation structure including a duct having 
an inner tube and a jacket. The jacket generally surrounds the 
inner tube and is formed from a material that is compressible, so 
that when the duct is disposed within a channel defined by a 

25 paved surface a friction fit is created between the duct and the 
channel. At least one optical waveguide is disposed within at 
least a portion of the inner tube of the duct and a filling 
material overlies the duct and at least partially fills the 
channel . 
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The present invention is also directed to a duct suitable 
for being securely held in a channel cut in a paved surface. The 
duct includes an inner tube and a jacket. The jacket generally 
surrounds the inner tube and is formed from a material that is 
5 compressible so when the duct is placed within the channel the 
jacket material is capable of being compressed, thereby forming a 
friction fit between the duct and the channel. 

The present invention is further directed to a method for 
routing a duct within a paved surface. The method includes the 

10 steps of forming a channel with a predetermined width in a paved 
surface and placing a duct into the channel. The duct includes 
an inner tube and a jacket. When the duct is placed within the 
channel a friction fit between the duct and the channel is formed 
over at least a portion of the length. 

15 Additionally, the present invention is directed to a fiber 

optic installation structure including a duct, a channel, at 
least one optical waveguide, and a filling material. The duct 
includes an inner tube and a jacket generally surrounding the 
inner tube. A channel is defined by a paved surface and the duct 

20 is disposed within the channel so that a friction fit is created 
between at least a portion of the duct and the channel. The at 
least one optical waveguide is disposed within at least a portion 
of the inner tube of the duct and a filling material overlies the 
duct and at least partially filling the channel. 

25 BRIEF DESCRIPTION OF THE FIGS. 

Fig. 1 is a cross-sectional view of a duct according to the 
present invention . 

Fig. 2 is a cross-sectional view of a channel formed in a 
paved surface. 

30 Fig. 3 is a cross-sectional view of the duct of Fig. 1 

entering the channel of Fig. 2. 
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Fig. 4 is a cross-sectional view depicting a fiber optic 
installation structure with a filling material overlying the duct 
and optical waveguides disposed within the duct. 

Fig. 5 is a cross-sectional view of a duct having an armor 
layer according to the present invention. 

Fig. 6 is a cross-sectional view of another duct according 
to the present invention. 

Fig. 7 is a cross-sectional view of yet another duct 
according to the present invention. 

Fig. 8 is a cross-sectional view of still another duct 
according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings showing 
15 preferred embodiments of the invention. The invention may, 
however, be embodied in many different forms and should not be 
construed as limited to the embodiments set forth herein; rather, 
these embodiments are provided so that the disclosure will fully 
convey the scope of the invention to those skilled in the art. 
20 The drawings are not necessarily drawn to scale but are 
configured to clearly illustrate the invention. 

The present invention will be described with reference to an 
explanatory duct 10 that comprises an inner tube 14 and a jacket 
16. Duct 10 is suitable for being disposed within a channel 20 
25 defined by a paved surface 24 as depicted in Fig. 2. As used 
herein, paved surface means asphalt, bitumen, concrete, cement, 
laid stones, bricks, or tiles, expansion joints, combinations 
thereof, or other similarly suited solid construction material (s) 
in which the channel is formed therein. In one embodiment, 

30 jacket 16 is formed from a material that is compressible over a 
portion of its longitudinal length so that it forms a friction 
fit within channel 20 defined by paved surface 24. In other 
words, a major dimension MD of jacket 16 is sized so that it is 
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deformed and/or compressed when inserted into channel 20. Thus, 
major dimension MD of an uncompressed duct 10 is sized so that it 
is larger than a width W of channel 20 as depicted in Fig. 3. 
Additionally, channel 20 can have any suitable width W such as 
5 about 15 mm; however, width W may be larger. Consequently, when 
duct 10 is placed, i.e., pressed into channel 20, jacket 16 is 
compressed/deformed to fit within channel 20, thereby creating a 
friction fit between duct 10 and channel 20 for holding the duct 
in channel 20. In still other embodiments, duct 10 can have a 

10 friction fit with channel 20 without substantial compression or 
deformation of duct 10. Thereafter, a suitable filling material 
42 is placed over duct 10 for filling at least a portion of 
channel 20. Moreover, a fiber optic installation structure 40 is 
formed after at least one optical waveguide 12 or fiber optic 

15 cable is routed within a portion of inner tube 14. 

Inner tube 14 of duct 10 is formed from a suitable material 
such as a polymeric material; however, inner tube 14 can be 
formed from other suitable materials such as metal. In preferred 
embodiments, inner tube 14 is a polymeric material that includes 

20 a plurality of grooves or ridges 14a on its inner surface. 
Grooves or ridges 14a can be disposed in a variety of 
configurations such as longitudinal or helical. Generally 
speaking, grooves or ridges 14a reduce the contact area between 
optical waveguide 12 (or cable) and inner tube 14, thereby 

25 reducing the friction force experienced by optical waveguide 12 
when routed within inner tube 14. Thus, all things being equal 
the force required for routing an optical waveguide within inner 
tube 14 is generally reduced if it includes grooves or ridges 
14a. Additionally, it may also be advantageous to use a material 

30 for inner tube 14 that has a low coefficient of. friction such as 
a HDPE or other suitable material. 

Jacket 16 of duct 10 is formed from a material that is 
relatively easy to compress such as by hand so it is relatively 
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easy to insert into channel 20. However, jacket 16 should be 
rugged enough to inhibit ripping and/or tearing during the 
installation process. By way of example, suitable materials for 
the jacket include polymers such as polyethylene, polypropylene, 
5 polyvinylchoride (PVC), polyvinylidene fluoride (PVDF) , foams, 
and/or rubbers; however, other suitable materials can be used. 
Jacket 16 may be foamed, but it not required so as long as it is 
readily compressible or sized to form a friction fit in channel 
20. Foaming is merely one way to make jacket 16 compressible. 

10 The foaming of jacket 16 can be created by chemical, mechanical, 
or other suitable means as known in the art. Using a compressible 
jacket 16 advantageously allows duct 10 to be easily installable 
with a friction fit between duct 10 and channel 20 so that duct 
10 remains within channel 20 before applying filling material 42. 

15 Stated another way, duct 10 is inhibited from moving or "popping 
out" of channel 20 before filling material 42 is applied, thereby 
making the installation process easier and/or eliminating other 
components that may have been used for this purpose. Moreover, 
if jacket 16 is compressible, then small variations in the width 

20 W of channel 20 are easily accommodated. 

Ducts and/or fiber optic installations of the present 
invention may include other suitable components such as an armor 
layer, water-swellable tapes, detection components for locating 
the duct, coding components for conveying network information 

25 about the installation, and/or optical waveguides 12 within inner 
tube 14. Furthermore, inner tube 14 and/or jacket 16 can include 
two or more layers, thereby tailoring the properties of either 
component. For example, inner tube 14 may have an inner layer 
made of a low friction material and an outer layer made of a 

30 different material. Likewise, jacket 16 may have an outer layer 
made of an easily compressible material with an inner layer made 
of a stiffer material for protecting inner tube 14 or vice versa. 
In other embodiments, a multi-layer jacket may have an outer 
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layer that is heat resistant to inhibit damage by protecting the 
duct from high temperature conditions and/or materials that may 
be used to fill the channel. 

Fig. 5 depicts duct 10', which is similar to duct 10, but 
5 includes an armor layer 15. Specifically, armor layer 15 is 
generally disposed between inner tube 14 and jacket 16 of duct 
10' . Armor layer 15 may be formed from a metal, a dielectric, a 
composite material, or other suitable types of material for 
protecting inner tube 14. In one embodiment, armor layer 15 is 

10 an interlocking helically wrapped metal armor such as a BX armor. 
However, other suitable armor layers include a longitudinally 
roll-formed armor, corrugated armor, and/or bend-limiting armor. 
In addition to providing crush resistance, a metallic armor may 
be grounded or carry a current. On the other hand, dielectric 

15 configurations are possible by using, for instance, a polymer 
armor layer. 

Embodiments of the present invention can also have other 
cross-sectional shapes besides round. For example, Fig. 6 
illustrates duct 60 that includes a jacket 66 having a generally 

20 wedge-shaped cross-section. Additionally, jacket 66 includes a 
plurality of barbs 66a that aid in creating a friction fit 
between duct 60 and a channel when insert therein. In this case, 
the major dimension MD of duct 60 is disposed across the 
uppermost set of barbs 66a. Other embodiments can exclude barbs 

25 66a and merely use a wedge shaped cross-section. Likewise, other 
suitable cross-sectional shapes are possible and within the scope 
of the present invention. 

Other configurations according to the concepts of the 
present invention are also possible. For instance, Fig. 7 

30 illustrates a duct 10'', which is similar to duct 10. Duct 10'' 
includes an inner tube 14, at least one wire 15, and a jacket 16. 
In this embodiment, two wires 15 are wrapped about inner tube 14 
and provide crush and kink resistance to duct 10'' . Wires 15 can 
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be any suitable material (s) such as conductors such as copper, or 
copper cladded steel or non-conductors such as high-density 
polyethylene, composite materials, or other suitable materials. 
In one embodiment, wires 15 can be copper wires suitable for 
5 carrying electric power along the duct. The copper wires can be 
bare or include an insulation layer. Additionally, duct 10'' may 
include an armor layer with the at least one wire being disposed 
radially inward or radially outward of the armor layer. In other 
embodiments, the at least one wire can form a portion of a wire 

10 mesh about the inner tube. Moreover, other embodiments of the 
present invention can employ other types of materials about inner 
tube 14 for improving crush and kink resistance. 

For instance, Fig. 8 depicts a duct 80 according to the 
concepts of the present invention. Duct 80 includes an inner 

15 tube 84, a jacket 86, and a plastic mesh 88 disposed within 
jacket 86. In this case, jacket 86 includes multiple layers 86a 
and 86b. Layer 86a includes a first material having a plastic 
mesh disposed therein, thereby providing crush and kink 
resistance to the duct. Layer 86b is formed from a second 

20 material that provides heat-resistance. Moreover, the first 
material of layer 86a has a first set of predetermined material 
characteristics and the second material of layer 86b has a second 
set of predetermined material characteristics. For instance, 
material characteristics include hardness, foamed, heat- 

25 resistance, chemical resistance, or compressibility. In this 
case, the first material has at least one predetermined material 
characteristic that is different from the respective 
predetermined material characteristic of the second material. 
Additionally, the first and second materials may have many 

30 different predetermined material characteristics, thereby 
tailoring the duct for the desired performance characteristics. 

In view of the present disclosure, many modifications and 
other embodiments of the present invention, within the scope of 
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the appended claims, will become apparent to a skilled artisan. 
For example, embodiments of the present invention may have one or 
more electrical conductors 13 disposed within the inner tube 
(Fig. 7), the jacket of the duct, or within the channel. 

5 Therefore, it is to be understood that the present inventions are 
not to be limited to the specific embodiments disclosed herein 
and that modifications and other embodiments are intended to be 
included within the scope of the appended claims. Although 
specific terms are employed herein, they are used in a generic 

10 and descriptive sense only and not for purposes of limitation. 
The invention has been illustrated with reference to a loose 
optical waveguides, but the inventive concepts of the present 
invention are applicable to any suitable configuration of optical 
waveguides such as ribbons, bundles, and/or buffered optical 

15 waveguides. 
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